2015 Pesticide Safety: Resistance Management by Sylvia, Martha et al.
University of Massachusetts Amherst
ScholarWorks@UMass Amherst
Cranberry Station Extension meetings Cranberry Station Outreach and Public ServiceActivities
4-2015
2015 Pesticide Safety: Resistance Management
Martha Sylvia
UMass Cranberry Station, martys@umass.edu
Hilary A. Sandler
University of Massachusetts - Amherst, hsandler@umass.edu
Erika Saalau Rojas
UMass Amherst Cranberry Exp Station, esaalau@umass.edu
Follow this and additional works at: https://scholarworks.umass.edu/cranberry_extension
Part of the Agriculture Commons, and the Horticulture Commons
This Article is brought to you for free and open access by the Cranberry Station Outreach and Public Service Activities at ScholarWorks@UMass
Amherst. It has been accepted for inclusion in Cranberry Station Extension meetings by an authorized administrator of ScholarWorks@UMass
Amherst. For more information, please contact scholarworks@library.umass.edu.
Recommended Citation
Sylvia, Martha; Sandler, Hilary A.; and Saalau Rojas, Erika, "2015 Pesticide Safety: Resistance Management" (2015). Cranberry Station
Extension meetings. 206.
Retrieved from https://scholarworks.umass.edu/cranberry_extension/206
Resistance Management
New Section in Chart Book
IRAC
FRAC
HRAC
Categories of Insecticides
Categories of Fungicides 
Categories of Herbicides
Resistance Action Committee
Pesticide Safety Training    April 7, 2015
Hilary Sandler, Martha Sylvia, Erika Saalau Rojas
Festering Worm Population
Selecting for 
Resistance!
= resistant individual 
to trublu insecticide
Full Blown Resistance!
Shoot same population again 
and again with trublu insecticide
Full Blown Resistance! trublu insecticide no longer works! 
Resistance doesn’t go backwards!
Full Blown Resistance!
Resistance doesn’t go 
backwards!
ORGANO
PHOSPHATES
DIAZINON
IMIDAN
LORSBAN
ORTHENE
SEVIN
GUTHION
MALATHION
PARATHION
Stop Resistance!
Instead of trublu
ROTATE
and use gogojo
Stop Resistance!
Back to fewer resistant 
individuals and more 
susceptible individuals

ENTRUST
Venom dinotefuran
• Group 1 Organophosphates and Carbamates
– Acetylcholine esterase inhibitor
• Diazinon Imidan Lorsban
• Orthene Sevin
• Group 5 Nicotinic Acetylcholine Receptors
– Spinosyn
• Delegate  spinetoram
• SpinTor spinosad
• Entrust   spinosad
• Group 18 Ecdysone agonist/molting disruptor
– Diacylhydrazine
• Confirm tebufenozide
• Intrepid  methoxyfenozide
Change in mode of action?
• Insecticides work by chemical action
– Target the nervous system of the insect
• Neurotoxins acting on neurotransmitters
Mode of action >> target site in pest
• Nerve/muscle systems targeted by most our compounds
• OP’s are nerve agents acting on the enzyme acetylcholinesterase
– irreversibly inactivate acetylcholinesterase
– Diazinon, Lorsban, Imidan, Orthene
• Nervous System
• Neonicotinoids 
– Admire, Belay, Actara
• Oxidiazines (Avaunt)
– blocking of nerve sodium channels
• Spinosyns (Delegate, Entrust)
– Muscular 
• Diamides (Altacor, new Altacor)
• Growth regulator
– Molting hormone agonist 
• Intrepid, Confirm
Insecticide Neuromuscular Targets
ACh
Excitatory Neuron
Motor Neuron
Muscle
GABA
Glut
AChE
Na+/K+
channels
OPs
Carbamates
Indoxacarb-Avaunt
Blocks the movement of 
sodium ions into nerve 
cell channels 
Acts on the enzyme 
acetycholine (nerve 
transmitter) and inhibits 
its ability to transmit
Binds to site on nicotinic 
acetylcholine receptors
The acetycholine neural transmission
and block the receptors, causing paralysis and death. 
Acetylcholinesterase breaks down acetylcholine to 
terminate signals from these receptors.
However, acetylcholinesterase cannot break down 
neonicotinoids and their binding is irreversible.
Neonicotinoids, like nicotine, bind to 
nicotinic acetylcholine receptors of a 
cell.  Nicotinic acetylcholine receptors 
are activated by the neurotransmitter 
acetylcholine. 
While low to moderate activation of 
these receptors causes nervous 
stimulation, high levels overstimulate
NeoNics
vs OP’s
Neonicotinoids, like nicotine, bind to nicotinic acetylcholine receptors of a cell.  Nicotinic 
acetylcholine receptors are activated by the neurotransmitter acetylcholine.  
While low to moderate activation of these receptors causes nervous stimulation, high levels 
overstimulate and block the receptors, causing paralysis and death.  Acetylcholinesterase
breaks down acetylcholine to terminate signals from these receptors.
However, acetylcholinesterase cannot break down neonicotinoids and their binding is 
irreversible.
OP’s are nerve agents acting on the enzyme acetylcholinesterase, irreversibly 
inactivate acetylcholinesterase.
Acetylcholinesterase
breaks down 
acetylcholine to 
terminate signals from 
these receptors
Neonicotinoids
• ACTARA  thiamethoxam
• ADMIRE  imidacloprid
– Widow, Nuprid, Alias
• BELAY clothianidin
• ASSAIL acetamiprid
• VENOM dinotefuran
–Safari, Scorpion
95 percent of corn, canola crops, 
cotton, sorghum, and sugar beets 
have used neonics!
Mammals and insects have different 
composition of the receptor subunits 
and t e structures of the receptors. 
Because most neonicotinoids bind much 
more strongly to insect neuron receptors 
than to mammal neuron receptors, 
these insecticides are more toxic to 
insects than mammals.
Neonicotinoids
• ACTARA  thiamethoxam
• ADMIRE  imidacloprid
– Widow, Nuprid, Alias
• BELAY clothianidin
• ASSAIL acetamiprid
• VENOM dinotefuran
–Safari, Scorpion
most widely 
used insecticide 
in the world!
95 percent of corn, canola crops, 
cotton, sorghum, and sugar beets 
have used neonics!
Neonicotinoids
• ACTARA  thiamethoxam
– Full label in 2005
– Cranberry weevil, summer generation
• ADMIRE  imidacloprid Widow, Nuprid, Alias
– Full label 2004
– Soil insects, root grubs
• BELAY clothianidin
– More active than Actara
– IR4 Cranberry residues done in 2005
– Registered 2010
– Handler restricted due to residues
• ASSAIL acetamiprid
– tolerance on cranberry granted in 2008
– First tolerance granted through berry grouping 
– Residue work 2012 to support export
• VENOM (Safari)  dinotefuran widely used in other crops
– IR4 residue 2008
– labelled 2013
Neurotoxins
Cranberry weevil
root grubs
Spinosyns
(Delegate—spinetoram)
– Derived from 
fermentation of soil 
bacterium
– Discovered in 1975 on 
sugar cane
– Introduced as an insecticide in 1997
– Cranberry got Spintor in 2002, Delegate 2008, 
Entrust in 2010
– a novel mode of action…
– binds sites on nicotinic 
acetylcholine receptors of 
insect nervous system 
– binding leads to disruption        
of acetylcholine 
neurotransmission
Spinosyns
(Delegate—spinetoram)
– Spinosad kills insects via hyperexcitation of the 
insect nervous system
– Spinosad so far has proven non cross-resistant to 
any other known insecticide
Spinosyns
• novel mode of action
• primarily targeting binding sites on 
nicotinic acetylcholine receptors of 
the insect nervous system 
• Spinosyns binding leads to 
disruption of acetylcholine 
neurotransmission
When compared with other insecticides, the
spinosyns show greater selectivity toward
target insects and lesser activity against
beneficial predators as well as mammals and
other aquatic and avian animals.
The spinosyn mode of action 
involves a unique site on the 
nicotinic acetylcholine receptor
Group 5  SPINOSYNS (Chemical Class)
Nicotinic Acetylcholine Receptors
Spinetoram DELEGATE 
Spinosad SPINTOR
Organic Spinosad ENTRUST
Altacor: new caterpillar compound
(diamide group)
The diamides affect calcium homeostasis by 
binding to ryanodine receptors and releasing 
calcium from the intracellular stores. 
ACh
Excitatory Neuron
Motor Neuron
Muscle
GABA
Glut
AChE
Na+/K+
channels
OPs
Carbamates
Indoxacarb-Avaunt
(sodium channel
Blocker)
Larvae
contract to half
the size of
untreated
larvae within
1-2 hours post
application
Insecticide Neuromuscular Targets
ACh
Excitatory Neuron
Motor Neuron
Muscle
GABA
Glut
AChE
Na+/K+
channels
OPs
Carbamates
Indoxacarb-Avaunt
(sodium channel
Blocker)
Blocks the movement of 
sodium ions into nerve 
cell channels 
Acts on the enzyme 
acetycholine (nerve 
transmitter) and inhibits 
its ability to transmit
Binds to site on nicotinic 
acetylcholine receptors
The acetycholine neural transmission
ENTRUST
Venom dinotefuran
Take Home
• Switch up chemistries
• Don’t use same compounds 
for spring and summer 
populations
• Spring Summer
• Delegate Diazinon
• Intrepid Delegate
• Avaunt Actara
Altacor
• Switch up chemistries
• Don’t use same compounds 
for spring and summer 
populations
• Spring Summer
• Delegate Diazinon
• Intrepid Delegate
• Avaunt Actara
Altacor
ENTRUST
Venom dinotefuran
HERBICIDE  RESISTANCE 
MANAGEMENT
Pesticide  Safety  Meeting
April 7, 2015
Hilary  Sandler
Weed  Resistance  Mgmt
• Use  integrated  weed  management 
practices.
• Use  multiple herbicide  modes  of  action.
• Overlap weed  spectrums  in  rotations, 
sequences  or  mixtures.
• Use  the  full  recommended  rate  and  
proper  application  timing.
• Scout  bogs  after  application  to  evaluate  
control.

Groupings
• Casoron  &  QuinStar: inhibit  cell  wall 
synthesis
• QuinStar, Weedar, and Stinger: act  like  
auxins  (hormone: cell elongation)
• Evital  and  Callisto:  cause  bleaching  in  
different  ways,  but  still  closely  related
• Poast, Select, Fusilade, Intensity: inhibit  
enzyme  involve  in  fatty  acid  synthesis
Herbicides in Cranberry
• Our biggest concern is our new reliance on 
Callisto.
• Resistance to Callisto has been reported in 
other crops after only 7 years of use.
• Be sure to rotate other compounds into 
your herbicide schedule.  
• Do not treat the same bog with Callisto year 
after year.
ROTATE CHEMISTRIES
HERBICIDES
• Callisto
• Casoron
• Quinstar
• Devrinol
• Evital
FUNGICIDE RESISTANCE 
MANAGEMENT
Pesticide  Safety  Meeting
April 7, 2015
Erika Saalau Rojas
Extension Plant Pathologist
UMass Cranberry Station
East Wareham, MA
How do fungicides work?
• Fungicides PREVENT fungal infection. 
– Fungicides rarely have a curative effect.
• Fungicide application must occur before infection.
– Important to know critical period of infection
• Proper timing and coverage
Pre bloom Early fruit setIn bloom 
Critical period to manage fruit rot
Plant surface
Leaf, flower, fruit, etc.
Fungal pathogen
Plant surface
Leaf, flower, fruit, etc.
Fungicide
Fungicide Fungicide
Fungicide
Proper timing and coverage
Fungicide mode of action
• Explains how a fungicides are toxic to fungi.
Fungal cell
Single-site fungicides 
Fungicide mode of action
• Explains how a fungicides are toxic to fungi.
Fungal cell
Single-site fungicides 
Fungicide mode of action
• Explains how a fungicides are toxic to fungi.
Fungal cell
Single-site fungicides 
Fungicide mode of action
• Explains how a fungicides are toxic to fungi.
Fungal cell
Single-site fungicides 
Newer fungicides
Less toxic to human
Specific to pathogens
Higher risk of resistance
Fungicide mode of action
• Explains how a fungicides are toxic to fungi.
Fungal cell
Single-site fungicides 
Newer fungicides
Less toxic to human
Specific to pathogens
Higher risk of resistance
Fungal cell
Fungicide mode of action
• Explains how a fungicides are toxic to fungi.
Multi-site fungicides 
Older fungicides
More toxic humans and
environment
Broad spectrum (good & bad)
Little or no risk of resistance
Fungicide resistance
• A fungus (pathogen) becomes less sensitive to a certain 
fungicide (or similar fungicides).
• Stable, heritable trait= build up of fungicide-resistant fungi
Phyllosticta elongata
Coleophoma empetri
Colletotrichum gloeosporiodes
Duff leaves
Fungal pathogens have a very 
high reproductive rate!
Resistant populations may 
occur in 2-3 seasons.
Source of infection 
for field rot
Fungicide Resistance Risk
polyoxins
FRAC Code 19
Indar
Proline
chloronitriles
FRAC Code M5
Bravo (and many 
others)
Abound
Tavano
DMI 
FRAC Code 3
QoI
FRAC Code 11
Mancozeb
Ferbam
dithiocarbamates
FRAC Code M3
High risk
Medium risk
Low risk
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chloronitriles
FRAC Code M5
Bravo (and many 
others)
Abound
Tavano
DMI 
FRAC Code 3
QoI
FRAC Code 11
Mancozeb
Ferbam
dithiocarbamates
FRAC Code M3
High risk
Medium risk
Low risk
Fungicide Resistance Risk
polyoxins
FRAC Code 19
Indar
Proline
chloronitriles
FRAC Code M5
Bravo (and many 
others)
Abound
Tavano
DMI 
FRAC Code 3
QoI
FRAC Code 11
Mancozeb
Ferbam
dithiocarbamates
FRAC Code M3
High risk
Medium risk
Low risk
Fungicide resistance is a very 
real and serious thr at!
Summary of Fungicide Groups
Group FRAC R Spectrum Phyto Efficacy
DMI 3 M Gaps 0 H
QoI 11 H Gaps 0 H
Polyoxins 19 M Unk 0 L
chloronitriles M5 L Broad 1 H
dithiocarbamates M3 L Broad 2 H/M
How do fungicide resistant populations develop?
Season
Pathogen sensitive to fungicide
Pathogen NOT sensitive to fungicide
Pathogen population 
next growing season
less sensitive to fungicide
Alternate fungicides to reduce risk
Season
Alternate fungicides to reduce risk
Season
Pathogen sensitive to fungicide
Alternate fungicides to reduce risk
Season
Pathogen sensitive to fungicide
Pathogen NOT sensitive to fungicide
Alternate fungicides to reduce risk
Season
Pathogen sensitive to fungicide
Pathogen NOT sensitive to fungicide
Alternate fungicides to reduce risk
Season
Pathogen sensitive to fungicide
Pathogen NOT sensitive to fungicide
Alternate fungicides to reduce risk
Season
Pathogen sensitive to fungicide
Pathogen NOT sensitive to fungicide
“Fungicide A” will be effective
the following growing season
